Introduction: Appropriate size selection of ProSeal laryngeal mask airway (PLMA) is an important prerequisite for successful use of the device. Size of PLMA is often selected based on weight of patients. We aimed to determine whether combined width of patient's index, middle and ring fingers could be used as an alternative to weight-based selection of appropriate size of PLMA. Materials and methods: In this prospective randomized study, 102 patients aged 6 months to 10 years were included. Patients were allocated to one of two groups based on a randomization table and PLMA inserted according to the group allocated. In Group S, PLMA size selected according to weight-based method whereas in Group N, PLMA size was selected based on 3-finger breadth of patients. We recorded insertion parameters, fiberoptic scoring of glottic visualisation, airway manipulations and postoperative complications. Results: In 68 children (66.66%) size of PLMA was same according to both methods. The kappa coefficient was 0.461 concluding moderate agreement between two methods. In the remaining 34 children (33.34%), the disagreement in sizes were with only one size, in whom the patient's weights were borderline values. The PLMA insertion time, ease of insertion, insertion attempts, fiberoptic view of position of device were comparable in both groups. There were no significant complications in the postoperative period. Conclusion: Three finger breadth sizing method can be used as a good alternative to weightbased method for selecting appropriate size of PLMA in children.
Introduction
Supraglottic airway (SGA) devices are useful for elective as well as emergency airway cases in hospital and prehospital settings. 1, 2 The ProSeal LMA (PLMA), which is a second-generation SGA was introduced by Dr. Archie Brain in 2000. 3 To be used successfully in a patient, proper size selection of the device is important. Owing to the anatomical variations of upper airway as well as wider range of body weight as a selection criterion for a given size of PLMA, the weight-based size selection recommended by manufacture may not suit all patients. 4, 5 Aim of the current study was to determine whether combined width of patient's index, middle and ring fingers can be used as an alternative to standard weight-based size selection of PLMA in children. This method is simple, convenient, easy to memorize and previous studies have shown its accuracy in determining the size of the PLMA. We aimed to compare the sizes of laryngeal mask airway determined with this method with the sizes determined according to body weight. This method will be an alternative to the standard weight-based size selection or when the clinician is unable to measure the weight as in bed ridden patients. Primary objective was to compare the sizes of PLMA based on patient's weight with that of 3-fingers sizing method and to evaluate the agreement between two methods. Secondary objectives were to document insertion related parameters, fiberoptic scoring of position of the device and immediate postoperative complications.
Subjects and Methods
This double blinded randomized prospective study was commenced after obtaining approval of the departmental dissertation committee and hospital ethics committee. Paediatric patients aged 6 months to 10 years, weighing between 5 to 30kg undergoing elective surgical procedures of short duration requiring general anaesthesia were included in the study. Patients with history of hyper-reactive airway disease, obesity, mental retardation, anticipated difficult airway and limb abnormality were excluded. There were 3 observers in the study. Observer 1 was a resident blinded to the group allocation, who evaluated the patients preoperatively, obtained written informed consent from the parents of the patients and recorded the study parameters. Observer 2 was an anaesthesiology consultant blinded to the group allocation, who introduced PLMA as provided by observer 3 and graded the fiberoptic view. Observer 3 was an unblinded additional consultant who selected PLMA based on group allocation. Patient's were allocated to one of the two groups based on a computer generated randomization table, duly maintaining allocation concealment using sequentially numbered opaque sealed envelopes. Sizes of PLMA were determined by the patient's weight and breadth of 3 fingers in all patients. In Group S (Standard) PLMA size was selected based on weight-based calculation. In Group N (Novel) size was selected based on finger breadth of the patients (three fingers sizing method). This consists of extending the right hand of patient with palm facing up and hand opened separating the thumb and little finger, keeping the index, middle and ring fingers extended but approximated. Laryngeal masks of different sizes were inflated with maximum volume of air as per the manufacturer's recommendation. Ventral surface of cuff of PLMA was applied against palmar side of index, middle and ring fingers held in approximation. The PLMA with its breadth matching best with the width of these three fingers was selected ( Figure 1 ). On the day of surgery patient's identity was confirmed, consent for anaesthesia as well as participation in study and nil per oral status was checked. All patients were premedicated with intravenous glycopyrrolate 10µg/kg and midazolam 30µg/kg after obtaining intravenous access in the operating room. Monitoring was commenced using 5-lead ECG, pulse oximeter, waveform capnogram, noninvasive blood pressure and peripheral nerve stimulator. Sizes of PLMA would be noted by observer 3 by both the methods. Based on the group allocated, appropriate size of the device would be selected just before preoxygenation. Preoxygenation was done with 100% O2 using Jackson-Rees circuit for children weighing < 15kg and closed circuit with CO2 absorber for children weighing > 15kg. Induction was done with titrated doses of intravenous propofol and fentanyl 1-2µg/kg. Ability to ventilate the patient by bag and mask was confirmed and then neuromuscular blockade was achieved using intravenous atracurium 0.5-0.6mg/kg. Anaesthetic depth deepened with sevoflurane (3%) in 100% oxygen using bag mask ventilation. Once TOF count was zero, PLMA of adequate size as per group allocation was inserted using inventor's method and cuff was inflated to a pressure less than 60cmH2O.
Appropriate placement of PLMA and ventilation was determined by chest movement, auscultation of breath sounds, capnography and lack of gastric insufflation. Presence of gastric insufflation was determined by auscultation over epigastrium. Automated ventilation was provided with tidal volume 7-10ml/kg and respiratory rate adjusted so as to obtain an end-tidal carbon dioxide (ETCO2) between 35 -40mmHg. Insertion related parameters assessed were insertion time, number of attempts at placement and ease of insertion. Time for successful insertion was recorded in seconds from the introduction of PLMA between the teeth to sustained appearance of waveform capnogram. Ease of PLMA placement was assessed subjectively on a scale from 1 to 4 (1 -No resistance, 2 -Mild resistance, 3 -Moderate resistance, 4 -Inability to place the device appropriately). Placement of the device was assessed by fiberscopy (OD -2.4mm, Pentax corporation, Japan) through airway tube and the view was scored using Brimacombe score (1 -Vocal cords not seen, 2 -Vocal cords and anterior epiglottis seen, 3 -Vocal cords and posterior epiglottis seen, 4 -Only vocal cords visible). 6 In our study score of ≥ 3 were considered as good view. After confirming placement of PLMA, well lubricated gastric tube (6 Fr, 8 Fr and 10 Fr sizes for 1.5, 2 and 2.5 sized airway devices respectively) was passed through the dedicated channel meant for gastric tube insertion. Correct placement of tip of gastric tube was assessed by aspiration of gastric fluid or detection of injected air by auscultation over epigastrium. Ease of gastric tube insertion was graded subjectively (1 -Very easy, 2 -Easy, 3 -Difficult, 4 -Very difficult). Number of airway manipulations such as gentle advancement/withdrawal of device without removal, jaw thrust, or neck extension required to maintain airway patency were documented. Failed attempt was defined as unsuccessful device placement within 3 attempts, lack of square wave capnogram or inadequate ventilation (desaturation < 92% or abnormal thoraco-abdominal movements). In cases of failed attempt, endotracheal intubation was performed using direct laryngoscopy. After the completion of surgery, NMB was antagonised using intravenous neostigmine 0.05mg/kg and glycopyrrolate 0.01mg/kg. PLMA was removed once the child regained full consciousness and was easily arousable. Postoperative complications like presence of blood stains on PLMA, soft tissue trauma and stridor were also recorded.
Weight based size selection of PLMA recommended by manufacturer is as follows: for weight up to 5kg -PLMA size 1 and 1.5; up to 10kg -size of 2 and 2.5; up to 20kg -size of 2 and 2.5; up to 30kg -size of 2.5 and 3. To standardize this, we have chosen PLMA as follows; for weight of 5kg PLMA size 1, weight of 10kg -size 1.5, weight of 20kg -size 2, and for weight of 30kg -size 2.5.
Sample size was calculated based on study conducted by L Gallart et al. 7 An assumption was made that success rate of standard weight-based method of 90% and 3-finger breadth method of 65% based on the study. Sample size was based on comparison of proportions. For the study to have 80% power and to detect a difference of 25% with 5% type I error and 20% type II error, the sample size required was 51 in each group. Data analysis was done using statistical package for the social science system for Windows version 20 (SPSS Inc., Chicago, USA). Chi-square test, kappa coefficient and Independent t-test were used in the study.
Results
A total of 102 patients were included in the study, all of whom completed the study. The age, weight and duration of surgery were comparable between groups ( Table 1 ). The distribution of 102 patients with sizes of the PLMA determined by both methods is presented in Table 2 . In 68 patients (66.66%), the size of the PLMA coincided with both the methods, with calculated kappa coefficient being 0.461. There was moderate level of agreement between the methods. In 68 patients who had agreement between both methods, 30 patients belonged to Group N and 38 patients belonged to Group S (Table 2) . Insertion time, number of insertion attempts, and ease of insertion were comparable between the groups (Table  4A and 4B). Glottic view obtained with fiberscopy and ease of gastric tube placement were comparable between the groups (Table 5 and 6). None of the patients had any post-operative complications. Values in bracket indicate number of patients in whom 3-finger breadth method and weight-based methods were used for PLMA size selection respectively. Bold data ((diagonal line) indicates the number of patients in whom both methods were in agreement. Data are expressed as Mean ± SD wherever applicable Bold data (diagonal line) show the mask size that coincides for both methods * Chi-square test 
Discussion
The Laryngeal mask airway has emerged as a formidable choice over endotracheal tube (ETT) in scenarios where endotracheal intubation is not mandatory. 8 Most of the clinicians use weight related method for the selection of PLMA. Owing to the anatomical variations of upper airway as well as wider range of body weight as a selection criterion for a given size of PLMA, manufacturer's recommendation of size based on body weight may not be applicable to all patients. Moreover, when the patient's weight is not known or the clinician is not able to recall the relationship between weight and size, an alternative simple method can be useful. Several authors have described alternative methods for choosing an appropriate size of LMA. 9, 10, 11 The alternative method should be simple, accurate and easy to perform at bed side. There are other alternative methods proposed in literature according to gender, height, external ear and width of tongue. [12] [13] [14] [15] [16] Our objective was to search for a simple and accurate alternative method to select the proper size of PLMA. Similar study was done by Gallart et al using cLMA.
In this study we compared the standard weight-based method with a novel method based on combined width of index, middle and ring fingers for size selection of PLMA, which will be an addition to the existing methods. We allocated 102 paediatric patients randomly to one of two groups and PLMA was inserted according to the group. Our study revealed a moderate level of agreement regarding distribution of patients according to the sizes of mask derived from weight and three finger breadth method (Table 2 ). In 68 (66.66%) patients, size of PLMA was same by both the methods. Among the remaining 34 (33.34%) patients, 2 patients had one size lower PLMA compared to standard method and in 32 patients, one size higher PLMA was found to be appropriate by 3-finger breadth method when compared to standard method. There was disagreement by only one size in 34 patients between two methods. In none of the patients, two sizes difference was observed. In patients in whom a disagreement between the two methods were observed, patient's weights were borderline values which indicates the choice of different size of PLMA which may be lower or higher (Table 3 ). In such situations anatomical features like measurement of the width of fingers may help in deciding the size of PLMA. Data were analyzed statistically to find the level of agreement between two methods. In our study level of agreement was moderate with kappa coefficient being 0.461. Gallart et al in their study using cLMA found an excellent agreement between the two methods with a kappa coefficient of 0.81. 7 Method of insertion of LMA, insertion parameters and glottic view was not documented by Gallart et al in their study. In our study insertion parameters and anatomical position of the device using fiberscopy were recorded. 6 Insertion time, insertion attempts and ease of PLMA placement were comparable between the groups (Table 4A and 4B).
Placement of device as assessed by fiberscopy and graded using Brimacombe score, which were statistically comparable in both the groups (Table 5) . Sixty-two patients had grade 4 view (34 patients belonged to Group N and 28 patients belonged to Group S), whereas 36 patients had grade 3 view (16 belonged to Group N and 20 belonged to Group S). Ease of insertion of gastric tube was comparable between groups (Table 6) .
None of the patients in both the groups required any intraoperative manoeuvre and none of them had any postoperative complications. Out of 32 patients who had required higher size PLMA according to 3-finger breadth method, 20 patients belonged to Group N (7+13) and PLMA was placed according to 3-finger breadth method without encountering any complications (Table 2) .
Our study has certain merits. This method to determine the appropriate size of PLMA is easy and feasible at bed side. Being an interventional study, different insertion parameters including fiberoptic scoring of position of device were studied using predefined criteria. In our study 66.67% had agreement between two methods and remaining 33.33% patients had disagreement by one size of PLMA. One size disagreement could be attributed to nutritional disorders or to borderline weight, which remains inconclusive. However, insertion of PLMA was atraumatic and ventilation was adequate in both the groups. So, in patients whose weight is at borderline or in those with nutritional disorders wherein PLMA size as derived by weight-based method might be confusing or overlapping, the 3-finger breadth method can help to decide the appropriate size of the PLMA.
There are few limitations in our study. Owing to the ethical considerations of placing two different PLMA's as derived by two methods in the same patient, we could not assess insertion parameters of two sizes of PLMA as derived by both methods in the same patient. The study was conducted in a limited group of patients, hence further studies are required in children less than 6 months of age and with nutritional disorders.
To conclude, weight-based method and 3-finger breadth method for the selection of ProSeal laryngeal mask airway in paediatric patients are in moderate level of agreement. Ease of insertion, number of attempts, fiberoptic view of glottis and ease of gastric tube insertion are comparable in both groups. The 3-finger breadth sizing can be used as a good alternative to standard weight-based method for the selection of ProSeal laryngeal mask airway in paediatric patients.
